The problem of the excess of faint blue galaxies (FBGs) is a mystery of nearly two decades, which remains one of the grand astronomical issues up to date. The existing models so far can not reconcile the conflicts in all the aspects of observations such as galaxy number counts in optical and infrared passbands as well as redshift distributions of galaxies. Here, by modelling the morphological number counts derived from the Hubble Space Telescope as well as redshift and color distribution of galaxies obtained from ground-based observations, we show clearly that conflicts existing in the problem of FBGs can not be reconciled if elliptical galaxies are assumed to have formed in an instantaneous burst of star formation at high redshift, with no additional star formation subsequently, which is just the conventional scenario of formation and evolution for ellipticals. Neither can the mild evolution for ellipticals be accepted in the context of pure luminosity evolution (PLE). The introduction of dust extinction can not save the PLE models either. This conclusion holds in any one of the three cosmological models under consideration: flat, open and Λ-dominated. Our investigation strongly suggests that number evolution is essential for ellipticals.
Introduction
The number counts of galaxies in deep blue passband (B, λ ef f =4500Å) and at near-infrared (K, λ ef f =2.2µm) wavelengths produce a conflicting result, that B-band counts show an excess over the predictions assuming noevolution and suggest strong luminosity evolution in galaxy populations, while K-band counts are more favoured by non-evolutionary predictions. As spectroscopic samples became available, one finds that the redshift-distributions of galaxies are also consistent with the non-evolutionary predictions and strong luminosity evolution will lead to a high-z distribution, which overestimates the observations. This is the common statement of the problem of excess of faint blue galaxies (FBGs), which remains one of the grand astronomical issues as yet (Koo & Kron 1992; Ellis 1997) . To get out of these paradoxes, many proposals have been suggested, including: (1) pure luminosity evolution in galaxy populations, which increase the distance to which galaxies may be seen; (2) the choice of a cosmological geometry that maximizes the available volume, either by adoption of a low value of deceleration parameter q 0 (an open cosmological model) or by introducing a cosmological parameter λ 0 ; or (3) increasing the number of galaxies at earlier times, either by introducing additional populations, which once existed at high z but disappeared or self-destructed subsequently, or by merging, that is by assuming that present-day galaxies were in smaller fragments at this point (Cowie, Songaila, & Hu 1991) . As can be seen, there are much more uncertainties concerning the explanation of the problem of FBGs, and we need more inputs, especially from the respect of observation, to constrain the models.
Great progress of observational cosmology has been made recently through the Hubble Space Telescope (HST) by its unprecedented imaging ability which allows galaxies to be segregated morphologically into several wide classes (Glazebrook et al. 1995; Abraham et al. 1996) . With morphological data, it becomes possible to simplify the modelling of FBGs so that each morphological type can be allowed to be modelled independently, and hence the complexity of each individual model can be greatly reduced .
Following this line of thought, we have considered first in our previous investigation (He & Zhang 1998, hereafter HZ98) the modelling of number counts for E/S0s in I 814bandpass (λ ef f =8000Å) on board HST, and found that the number counts for ellipticals could be well explained by PLE models in any cosmological geometry under consideration, if ellipticals are assumed to have formed at high redshift (say z f =5.0), with nearly or exactly passive evolution (that is, no further star formation subsequently), as is just the traditional scenario of formation and evolution for ellipticals (Eggen, Lynden-bell, & Sandage 1962; Partridge & Peebles 1967) . The models with a higher star formation rate can not reproduce well the number counts, while the models with z f chosen as low as 2.5 in a open or Λ-dominated universe will produce a dramatically high tail or high peak in redshift distributions, though they can predict the number counts fairly well. In particular, we emphasize that the cosmological geometry can not be constrained by such number counts for ellipticals, which we do not agree with the conclusion of Driver et al. (1996) .
But such a scenario for ellipticals should be verified further in combination with the modelling of other types (i.e., early-and late-type spirals and irregulars as separated by HST) as well as the overall population of galaxies, and should be subject to constraints from other respects of observations.
Incorporating with other observations and modelling of the other Hubble types, We find that the conflicts existing in the problem of FBGs can not be reconciled by the conventional scenario for ellipticals. The introduction of the mild evolution in luminosity as well as the dust extinction can not save the scenario as such either. This conclusion holds in any one of the three cosmological models under consideration: flat, open and Λ-dominated. Our investigation strongly suggests that number evolution is essential for ellipticals.
In section 2 we briefly review the procedure for the construction of the models. The results of our models are shown in Section 3 for comparison with the observational data. We will give our summary and conclusions in Section 4.
Construction of models
We employ the latest version of galactic spectral synthesis models of Bruzual & Charlot (1997) , with solar metallicity, to compute the evolutionary spectral energy distributions (SEDs) for galaxies. These standard techniques for the spectral synthesis are characterized by initial mass function (IMF) and star formation rate (SFR). Throughout this work, and in any case, we assume a Scalo IMF (1986) for ellipticals and Salpeter IMF (1955) for the other types. The SFR ψ(t) is chosen as exponential decay form with respect to time t, ψ(t) ∼ exp(−t/τ e ), where τ e , measured in Gyr, is the timescale characterizing this form of SFR. τ e is treated as free parameter to be adjusted to reproduce best the local photometric and spectroscopic properties such as present-day colors and spectra. For comparison, we list the local observed colors of galaxies in Table 1 . Besides, we have also considered to some extent the effect of dust extinction, following Wang's (1991) prescription and similar to that of HZ98. The extinction magnitudes in B, I, and K passbands for galaxies of a typical luminosity L * are listed in Table 2 . By adoptions of both the Scalo IMF (for ellipticals) and the dust extinction, the UV flux at early times can be greatly reduced so as to avoid a large number of galaxies being detected at high-z, which are not observed in current deep surveys.
Predictions for the color distribution of galaxies in a given range of apparent magnitude [m λ1 , m λ2 ] can be computed by integrating the following equation on m λ and on z (z ≤ z max ), as:
where z max = min(z f , z L ), with z f being the formation redshift for galaxies, and z L being the redshift above which the Lyman continuum break enters the λ-filter. c(z) is color-redshift relation for galaxies. The integration on z is restricted such as the color c(z) is in the relevant color bin dc around c. In above integral, d 2 N (m λ , z) refers to the differential number count for galaxies between the interval (m λ , z) ∼ (m λ + dm λ , z + dz), and its explicit expression as well as the formulae which we also need in this work to compute the number counts and redshift distributions can be found in, e.g., Guiderdoni & Rocca-Volmerange (1990) or HZ98. To make the models more realistic, we smooth the differential contribution around c ∼ c + dc by a Gaussian profile with σ = 0.20 mag, which is similar to the prescription of Pozzetti, Bruzual, & Zamorani. (1996) . Following the former prescription (HZ98), we also adopt the three representative cosmological models in this work: 1), flat, Ω 0 = 1.0, λ 0 = 0, and h = 0.5 (H 0 =100 h km s −1 Mpc −1 ) (hereafter, Scenario A); 2), open, Ω 0 = 0.1, λ 0 = 0, and h = 0.5 (Scenario B); and 3), flat and Λdominated, Ω 0 = 0.2, λ 0 = 0.8, and h = 0.6 (Scenario C). We assume a formation redshift z f = 5.0 for galaxies in all the three cosmological models.
The luminosity functions (LFs) of galaxies, which is the distribution law of the number density of galaxies against their absolute luminosities, is an important ingredient for modelling. We have tentatively constructed a set of 'test' LFs in B band, which take the form of Schechter (1976) for the present-day galaxies. We list the parameters (α, φ * , and M * B ) of these LFs in Table 3 . LFs in other pass-bands can be obtained by shifting corresponding present-day colors. The PLE models alone can not reproduce the steep slope of number counts at faint magnitudes in I 814 -band for late-type spirals/irregulars in a flat cosmological model (Scenario A), and we enhance the characteristic number density φ * of LF for Sdm galaxy with respect to look-back time δt as φ * (δt) = φ * 0 (β δt t0 ) (β > 0), where the subscript '0' refers to present-day values.
Results

Star Formation Rates
The parameter τ e of SFR for galaxies is adjusted to reproduce best the local photometric and spectroscopic properties of galaxies such as local colors and spectra (cf. Fukugita, Shimasaku, & Ikhikawa 1995; Yoshii & Takahara 1988) . We summarize the values of this parameter for all the Hubble types in column 2 in Table 3 . In particular, the case of τ e = 0 for ellipticals (Scenario B) represents purely passive evolution, and constant SFR for Sdm galaxies is denoted by τ e = ∞. It can be seen from Table 3 , that the modelled colors are close to the corresponding observed ones (see Table 1 ). Considering that there are uncertainties of 0.1 − 0.2mag in colors, the values of τ e of our models are acceptable.
Number Counts
Morphological Number counts
Corresponding to the morphological classification of galaxies by HST, we incorporate Sab and Sbc into earlytype spirals, and Scd and Sdm into late-type spirals/irregulars. By β = 1.5 for Scenario A (see above for the reason of the introduction of β), we can see from Figure 1 , that the models can reproduce well the number counts in I 814 -band for all the three galaxy types as well as the overall population in any cosmological models under consideration.
Number counts in Blue and Near-infrared Bands
From Figure 2 , we can see that models can reproduce better the number counts at bright magnitudes in both B and K bands, indicating that the normalization (involving both φ * 0 and L * , cf. Ellis 1997) is proper by the adoptions of LFs. But the models fail to reproduce the counts at the faintest magnitudes in either B or K bands for Scenario B and C. Neither can the model for Scenario A be accepted, since it underpredicts the blue counts at faint end either, though the prediction fits the counts in K-band well. It seems that there are not sufficient blue galaxies to reproduce the steep slope at the faintest magnitudes in B-band; whereas in K, it seems too much red galaxies are predicted over the observations, these red objects are ellipticals, which predominate at most of the K magnitudes, in contrast with the case in B-band.
Redshift Distribution for K < 20
The spectroscopic studies with the LRIS spectrograph on Keck Telescope of two of the Hawaii deep survey fields SSA 13 and SSA 22 (Cowie et al. 1996) present so far presumably the largest and deepest redshift samples, which are powerful tools for understanding the evolution of galaxies. Compared with optical light, the absolute K magnitude is mostly contributed by near-solar-mass stars, which make up the bulk of galaxies, is a good tracer of the baryonic mass, and thus in particularly suitable for the study of old stellar populations. Furthermore, the SEDs at low redshift at near-infrared wavelengths for different morphological classes of galaxies are very similar, and hence the morphological mix would be insensitive to redshift if there was no evolution, and any evolutionary signature would be more clearly seen (Glazebrook 1997) .
From the Cowie et al. (1996) sample, we have derived the redshift distribution limited in K < 20, with the total number being 207, and the completeness being 100% for K < 18 and 72% for 18 < K < 20. We compare predictions of our models with the observed data in Figure  3 . It can be seen that significant high-z distributions of galaxies are predicted in any Scenario, which are not consistent with the observational sample. Moreover, most of the high-z objects are ellipticles, which are the unavoidable results of the passively evolutionary scenario for ellipticals.
3.4. B − K color distribution for 17 < K < 20
Compared with the data of redshift distribution from the Cowie et al. (1996) sample, whose completeness is only ∼ 70% for fainter magnitude range 18 < K < 20, the B−K color distribution for galaxies limited in 17 < K < 20 from the same sample, with the completeness being 100% in B − K color statistics, can further expose the defects existing in the models. From Figure 4 , we can see that none of the models can reproduce satisfactorily the observation. In any case, the colors of early-, late-type spirals and irregulars will not be redder than B − K ∼ 5.5 according to our models, and ellipticals should be responsible for the objects at red-end in the distribution. But the models underpredict the data between B − K = 5.0 − 8.0, and meanwhile produce extremely red humps beyond B − K = 8.0, with the hump of Scenario A bluer by 2.0 magnitudes. Hence, these discrepancies between observations and model predictions simply signal that the models need substantial revising. It should be pointed out that the predicted color distributions do not critically depend on specific adoptions of LFs, and thus in this sense, our conclusions are not model-dependent.
Mild evolution in luminosity for ellipticals
From the above analyses of the redshift distribution in K-band and the B − K color distribution for galaxies, we find that much more ellipticals than observed are predicted by our PLE models in the context of the traditional scenario of formation and evolution for ellipticals. Hence such a scenario should not be accepted. For the sake of comparison, we re-consider the modelling for ellipticals with the assumption of mild luminosity evolution (mild means there are subsequent star formation events rather than passive evolution after the formation of galaxies). By τ e assumed to be 1.0Gyr, (and the modelled B − K color is 4.07, 4.18, and 4.18 corresponding to Scenario A, B, and C, respectively), we can see from Figure 5a , that such PLE models overpredict the number counts at faint magnitudes in I 814band for Scenario B and C, hence such mild evolution can not be accepted either. But the model prediction for Scenario A seems fairly well, and we verify the model further with additional evidence.
From the previous analysis, we have found that ellipticals can be discriminated from the other Hubble types by B − K color, that no objects except ellipticals can be redder than B − K = 5.5. Applying this finding to the current case, we have derived from the Cowie et al. (1996) sample the redshift distribution for galaxies limited in 22.5 < b j < 24.0 and subject to the condition B − K > 5.5, with which we compare our model prediction for Scenario A. It can be seen from Figure 5b , that observationally, ellipticals are completely absent at high-z beyond z = 0.8, which is consistent with a recent report by Zepf (1997) from the analysis of deep optical and infrared images derived from HST, that ellipticals are rare at high redshifts. Apparently, the model underpredicts the objects in the intermediate redshift interval (0.3 < z < 0.8), but meanwhile predicts a high-z distribution, extending to the redshift as high as 1.4, which is completely in disagreement with the observation. Hence, we arrive at the conclusion that, the PLE models with mild evolution can not be accepted either in any cosmological model under consideration.
Summary and Conclusions
The assumption of pure luminosity evolution is no doubt the starting point of investigation for ellipticals. Traditionally, ellipticals are believed to evolve passively after their formation, but we have found that the models based on passive evolution in luminosity without other assumptions can not reconcile the conflicts between different observations. Nor the mild luminosity evolution can be accepted without invoking other scenarios. Hence, we come to the conclusion that there should be more complicated evolutionary scenarios for ellipticals than the assumption of PLE.
There is no room for an additional galaxy population being introduced into the models without revising the formation and evolution scenario for ellipticals. If so, they should, in principle, be bluer objects than ellipticals, otherwise, they would overpredict the number counts for ellipticals. But if they are blue objects, even though they would not make the predictions even worse, the predictions can not be ameliorated beyond B − K = 5.5 in the color distribution, and especially, the red-end humps beyond B − K = 8.0 can not be depressed.
These conflicts exist in all of the three cosmological models considered here, indicating that the choices of cosmological geometry are not the 'graceful exit' for these conflicts to get way out. Besides, dust extinctions will both shift the red-end humps even redder and decrease the number of ellipticals in the B − K color distribution, and hence can not save the traditional scenario for ellipticals, either. We are obliged to abandon the pure luminosity evolution scenario for ellipticals when facing these conflicts.
We have not restricted ourselves to any 'observed' LFs due to the various uncertainties in determining them locally. Models based on such 'observed' LFs can not even reproduce the morphological number counts. Instead, we constructed a set of 'test' LFs for the convenience of study. Most importantly, our conclusions do not critically depend on specific adoptions of LFs, e.g., the B − K color distribution.
Our conclusions are robust unless the observational data are plagued with great uncertainties or biases, such as errors in morphological classification for galaxies, selection effects, or even unrealized systematic errors.
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